Abstract: Beyond identification purposes, RFID (Radio Frequency Identification) is an elegant way to transmit wireless sensor data. There are several RFID transponder ICs on the market, but for the data read out of the sensors, a low power microcontroller (µ C) with a specific functionality is also often a necessary part of the system. So we present an easy way to integrate the functionality of the RFID transponder directly into the microcontroller. This reduces costs and minimizes the PCB footprint. In particular, an implementation of an RFID tag, compatible with ISO/IEC 14443-2, Type B, into a commercial low power µ C is demonstrated.
Introduction
The RFID system according to the ISO Standard comprises a reader (Proximity Coupling Device, PCD) and a tag with a transponder (Proximity Card, PICC). Both communicate through magnetic coupling at a carrier frequency of 13.56 MHz. A block diagram of such setup is shown in Figure 1 . The RFID transponder and the microcontroller are often separated ICs on a sensor platform. We present an elegant way to integrate the functionality of the RFID transponder IC directly into the microcontroller. This conserves costs and minimizes the PCB footprint to only a few external components. In particular, an ISO/IEC 14443-2, Type B [1] compatible implementation is demonstrated. 
Materials and Methods
In order to resemble the transponder IC's functionality, some further specifications of the ISO standard are discussed. During upload, the PCD sends data to the PICC by amplitude modulation (8-14%) and a data rate of 106 kBit/s as shown in Figure 2 . To integrate the RFID functionality directly into a microcontroller, one of its timers, (e.g., timer 1) is used for the subcarrier modulation. Its source is the carrier signal (pin = CARRIER_SENSE).
The counting frequency is 13.56 MHz/4 and its counting scheme is 0, 1, 2, 3, 0.... This is shown in Figure 4 . By using the timer-compare function, the modulation pin can be toggled (pin = SUBCARRIER_MODULATION) at count 2. At a timer overflow, the pin SUBCARRIER_MODULATION is set or reset, depending on the data to be transmitted. A second timer (e.g., Timer 2) runs at the same source frequency and the timer overflow is synchronized with the data transmission rate of 106 kHz (13.56 MHz/128). The overflow flag is polled by software, which modifies the "set or reset" property of the first timer according to the transmitted bit stream. The polling is done in an unrolled loop for timing issues. In Figure 5 , a schematic of the integrated RFID transponder is shown. The diode (D1) demodulates, on the one hand, the AM uplink signal (Figure 2) , and on the other hand, in combination with D2, rectifies the carrier to generate the supply voltage (VCC). The generation of the supply voltage may be omitted if the device is self-powered. The NPN transistor acts as a sensitive amplifier for the AM uplink signal, which is forwarded to the microcontroller serial input (UART_RX). In many cases, microcontrollers have internal pullup and pulldown resistors. They can be used to replace R1, R3 and R4, which further reduces PCB footprint.
Results and Discussion
The concept was successfully implemented and tested on several low power microcontrollers (MSP430F149, MSP430F2370, MSP430FR5739, Texas Instruments, TX, USA). Because of the slow system clock (8 MHz RC-Oscillator), which is common at low power systems, it was necessary to use assembler coding and optimization techniques like loop unrolling. The integrated RFID transponder works properly with a commercial wireless readable miniature temperature logger [2,3], Figure 6 . In this setup, reading distances of about 2 cm are achieved, which is sufficient for this specific application. This limitation is mainly caused by the relatively small antenna size. Due to the relatively low hardware requirements, (2 timer units), it should be possible to transfer the setup to other microcontrollers easily. Figure 6 . Picture of the commercial temperature logger system. The arrow points to the RFID readable temperature logger. The RFID reader station with USB connection to a PC is shown on the right.
